The synthesis of polymer-like amorphous carbon (a-C:H) thin-films by microwave excited collisional hydrocarbon plasma process is reported. Stable and highly aromatic a-C:H were obtained containing significant inclusions of poly(pphenylene vinylene) (PPV). PPV confers universal optoelectronic properties to the synthesised material. That is a-C:H with tailor-made refractive index are capable of becoming absorption-free in visible (red) -near infrared wavelength range.
The applications of amorphous diamond-like carbon (DLC) and/or hydrogenated carbon (a-C:H) materials as photonic materials demand both, the passivation of dangling bonds by hydrogen and a high degree of aromaticity of sp 2 - phase (e.g. aryl and/or heteroarene hydrocarbon compounds) as those equally contribute to minimising optical losses. Hydrocarbon plasma methods used for the synthesis of a-C:H provide precise control over thin-film surface finish, thin-film thickness and uniformity of phase-composition of the coating but fail in producing a-C:H with satisfactory optoelectronic properties. This owns to the intrinsic thin-film nucleation process that is governed by complex kinetic reactions of radical species (CH 3 mono-radicals, di-radicals, and/or C 2 H 4 and C 2 H 2 un-saturated species) in plasma. 1, 2 These radicals can form large aromatic compounds (i.e. stable intermediates) following multiple gas-phase nucleation reactions and polymerize with other radicals and/or hydrocarbon monomers. For these radicals to agglomerate into aryl compounds extended (i.e. long) gas-phase propagation pathways are required.
The latter, we suggest, could be attained with the mean-free-path being less than the physical path length to the substrate under common a-C:H synthesis experiments.
In this letter, we report a simple method that allows the fabrication of highly aromatic polymer-like a-C:H materials using a microwave excited hydrocarbon plasma operated in collisional mode. The a-C:H sp 2 -phase was examined ex situ at 293 K using unpolarized Raman light of 532 nm (Renishaw) recorded in a backscattering geometry with precautions taken to avoid sample damage. 5 The amount of hydrogen, H, (at. %) was estimated using basic Raman parameters for the D and G peaks and the slope of the photoluminescence (PL) background from a spectrum taken at 532 nm following the work of Casiraghi et al. 6 Analysis of C 1s core-valence bands of X-ray photoelectron spectra (Kratos Axis Ultra) determined sp 3 -phase content in the films. 7 Film thickness, band gap, E g , and optical constants (refractive index, n, and extinction coefficient, k) The evolution of sp 2 -phase is shown in Fig. 2 , where the I(D)/I(G) ratio, Fig.   2 (a), G peak position (cm -1 ), Fig. 2(b) , full-width-at-half-maximum (FWHM) for G peak, Г G , Fig. 2(c) , and the total relative intensity for PPV contributions, IΣ(PPV), decomposition. 16 The emergence of large saturated radicals and/or neutrals at higher ionisation power accounts for the higher topological order and increased concentration of six-fold clusters (i.e. PPV) and shows as a reduction of sp 3 -phase content, see Fig. 3(b) . The most unusual feature of a-C:H synthesis by collisional plasma is that hydrogen-depleted a-C:H materials display both narrower band gap, E g , (Fig. 3(c) ) and, are of lower mass density (see Fig. 3(d) ). This deviates from the properties of a-C:H materials synthesized by collisionless plasma process, where hydrogen concentration is found to be proportional to both E g and massdensity. 6, 10, 17, 18 These a-C:H materials however, do not contain PPV as in our case.
We consider that π states undergo gradual localization on aromatic clusters (sp 10 Thus, we identify significant structural changes in a-C:H with saturation of dangling bonds and cluster coagulation process governed by large, non-propargylic arene species nucleating in the gas-phase. We, therefore, attribute the exceptionally low optical absorption of synthesized a-C:H materials in N-IR range to the high aromaticity and presence of phenyl clusters.
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